personality development, first partnership, longitudinal data, propensity score matching Finding a romantic partner and maintaining a stable partnership are essential tasks of young adulthood. The experience of a stable partnership has repeatedly been found to be related to a mo re m ature personality (Le hnart, Neyer, & Eccles, 2010; Neyer & Asendorpf, 2001; Neyer & Lehnart, 2007) . However, one m ajor problem encountered in research on personality development is the constraint of the lack of random assignme nt. That is, entering into a social role (or not) has to be r egarded as self-selected . Thus, causal effects may be confounded by differences in background characteristics (Foster, 2010) . However, recent m ethodological advancements (Rosenbaum & Rubin, 1983; Stuart & Green, 2008) provide opportunities for researchers to mitigate such problems. The objective of our study was to examine effects of the first partnership experience on personality development and psychological adaptation. To do so, we identified young adults (N = 312, age M = 21.43, SD = 0.65) who had not had a previous partnership experience at the first assessm ent of a three-wave longitudinal study (i.e., pretreatment 1 ) . Participating in the study every 2 years, of these young adults, 105 started partnerships between Tl and T2 (referred to as " beginners," cf. Figure 1 ), 71 started a partnership between T2 and T3 (referred to as " bloomers"), and 136 had no partnership acr oss a ll three assessm ents (referred to as "singles").
During the last decade, research has established evidence for ongoing m ean-level change in personality (Casp~ Roberts, & Shiner, 2005; Caspi & Roberts, 2001; Lucas & Donne llan, 2011; McAdams & Olson, 2010; Roberts & Mroczek, 2008) , self-esteem but also measures of adaptation such as depression and life satisfaction (Luhmann, Hofmann, Eid, & Lucas, 2012) across the ent ire life span. The social investment principle (Roberts, Wood, & Smith, 2005) proposes that persona lity change to more maturity in young adults is primarily the result of investments in new soci al roles (Lodi-Smith & Roberts, 2007; Roberts, Caspi, & Moffitt, 2001) . Making an investment in a stable social relationship is regarded as an important factor in the development of personality (Caspi, 1998) . The first stable partnership represents a social role transition (Havighurst, 1972 ) that m ay be particular ly important because it requires a person to (a) negotiate and integrate expectations with regard to oneself and one's romantic partner, (b) commit to the person and the re lationship itself, and/or (c) increasingly plan for the future to eventually take on even more committed roles such as parenthood. Previous research on effects of transition into a first partnership on personality development has supported the direction of an accelerated maturation, that is, neuroticism and shyness decrease, whereas extraversion, conscientiousness, and self-esteem increase (Neyer & Asendorpf, 200 I; Neyer & Lehnart, 2007) . Negative effects of the transition on depression, social anxiety, and impulsivity were shown, and positive effects on self-esteem were confirmed (Lehnart et al., 20 I 0) . Despite the various strengths that all of these studies have embodied (i.e., longitudinal data, the availability of diverse partnership experiences), they have also suffered from some limitations such as heterogeneity of age, small subgroups, and inferences that were complicated by the fact that often no additional background variables that could have potentially driven the effects were assessed and included in the analyses. To address such shortcomings, an extended replication that uses state-of-the-art statistical methods in a longitudinal setting and includes potentially important covariates (e.g., variables that potentially affect treatment assignment and outcom es but are not in the focus of the study) is needed (Gangestad & Scheyd, 2005) .
Introduced in the early I980s by R osenbaum and Rubin ( I983), propensity score matching (PSM) techniques have been applied to various fields to address the need to create treatment and control groups that are similar on background characteristics and, of particular importance, to create groups that would also be similar on outcomes if no treatment were applied (as in randomized experiments). Random assignment is the way to produce this precondition by design. However, this is not ethical or realistic in research on personality development through social role transitions. Thus, nonexper imen tal or quasi-experimental designs are conducted to test for differ ences in outcome variables. Because nonexperimental designs have the potential to confound treatment effects and outcome expectations before the treatment is being applied (i.e., differences in outcomes pretreatment; Foster, 20I 0), specific matching techniques can be applied to achieve similarity at least with regard to observed background characteristics and outcome variables.
Propensity scores (PSs) are used to integrate the information on all observed covariates into one measure and, thereby facilitating matching procedures between treatment and control groups. PSs then indicate the conditional probability of receiving the treatment of interest, and by doing so, they function as a measure of distance (or similarity) between treatment and control groups. Importantly, matching procedures re ly on the included covariates because estimates are able to adjust for only the observed covariates. In a ddition, it is important to consider the initia l (or pretreatment) characteristics on the outcome variables to achieve unbiased treatment e ffect estimates (Steiner, Cook, Sha dish, & Clark, 2010) . Hence, this study's matching process included Big F ive personality and adjustment variables of life satisfaction, depression, and self-esteem at the pretreatment measurement point as well as covariates that were expected to affect whether a person would enter into a partnership such as the self-concept of attractiveness. There are at least three bene fits of PSM procedures compared with traditional statistical approaches, nam ely, (a) a lower complexity by including only the PS (vs. adjusting for a number of covariates in a regression analyses; possibly running into power or overfitting problems), (b) no dependence on a prespecified funct iona l form (in tradit iona l regr ession analyses typically assumed to be linear), and (c) an explicit test for group similarity; thus, assumptions are mo re assessable and transparent such as in testing the area of common support (cf. Online Appendix; but also Becker, Ludtke, Trautwein, Koller, & Baumert, 20 I2; VanderWeele, 2006) .
In sum, the aim of this study was to analyze the effect of the first partnership on persona lity development in young adulthood by comparing fully matched samples. We hypothesized that the experience of the fir st partnership would be related to lower neuroticism and dep ression and to higher extraversion, conscientiousness, self-esteem , and life satisfaction. To test our hypotheses, we applied PSM techniques and regression analyses to a three-wave longitudinal study of young adults. All participants had not had any previous partnership experience at the first assessment (N = 3I 2). Our hypothesis of a causal e ffect of the first partnership experience on personality maturation was expected to hold for the comparison between singles and bloomers with beginners at T2 because beginners began their first partnership between T I and T 2 and for the comparison between singles and late bloomers at T3 because late bloomers began their first partnership between T2 and T3 (see Figure I) . A spec ific strength of our study's design is that we were also able to compare sing les and late bloomers at T2. Thi s could be Downk>aded from spp_sagepub.com at OIPF on November4, 2016 regarded as a control comparison: We expected no substantial differences in personality maturation because neither group had actually had a partnership experience between T1 and T2. Evidence of a treatment effect for this comparison would have to be interpreted as an indication that the model had failed to adjust for differences between the two groups (Morgan & Winship, 2007) .
Method

Procedure
We used a sample from an ongoing German longitudinal study (Transformation of the Secondary School System and Academic Careers; TOSCA) that has a major focus on educational and psychological condit ions during the transition out of school. The study began in 2002 and is now hosted by the University ofTuebingen (see Trautwein, Neumann, Nagy, LUdtke, & Maaz, 201 0) .
After the first TOSCA assessment (February-May, 2002 ), the second assessment followed 2 years after graduation (F ebruary-May, 2004) , and the third and fourth waves of data collection (February-May, 2006 and Februar y-May, 2008 , respectively) also followed in 2-year increments. For completing the questionnaires, participants were paid 1 0--15€ (about US$13-18) each time they participated. This article was based on a subsample from the original study. First, precise assessments regarding partnership status and experiences were not part of the first TOSCA wave, thus, analyses on the subsample included only data from the TOSCA Waves 2-4. Second, only participants without any previous stable romantic relationship experience at the second TOSCA assessment were considered.
Participants
At the second TOSCA assessment, a total of 4 70 participants, out of the 2,4 73 TOSCA participants, reported that they had never been involved in a stable romantic partnership before. This selection of participants experiencing a first stable partnership in one's early 20s appears to be comparable to the ratio of other independent longitudinal German and U.S. samples of young adulthood (Neyer & L ehnart, 2007; Lehnart et al., 201 0) .
2 Of the 4 70 participants, only 3 12 individuals participated in the two following waves and provided valid information about partnership status and personality variables. Thus, the analyses were based on N = 312 young adults with an average age of21.4 years (SD = 0.66; 48% female). All participants held an Abitur (equivalent to a high school diploma), and the majority were enrolled at some kind of university or college at Tl (79%).
For attrition analyses, we compared the 312 participants who provided data at all time points with those who provided data at fewer time points and were excluded from the analyses. Participants who continued their participation were similar to 
Measures
Relationship experience. Relationship experience was divided into three groups, namely, (a) " I have never had a stable romantic relationship," (b) "I am in a romantic relationship right now," and (c) " I am not in a stable romantic relationship right now but was in one/several before."
Big Five personality. Big Five personality was measured using the German version of the NEO Five-Factor Inventory (FFI; Costa & McCrae, 1992) . Neuroticism, extraversion, openn ess to experience, agreeableness, and conscientiousness were rated on a 4-point response scale ranging from 1 (applies not at all) to 4 (applies completely). Previous work has shown the reliability, validity, and comparability of the German NEO-FFI (Borkenau & Ostendorf, 1991; Liidtke, Trautwein, Nagy, & Koller, 2004 Psychological adjustment Psychological adjustment was assessed with three indicators, namely, self-esteem ("Overall, I have pretty positive feelings about myself'') based on 4 items from the Self-Descriptive Questionnaire (SDQ; Marsh, 1992) , life satisfaction ("I am satisfied with my present life") measured with 4 items (Pavot, Diener , & Sub, 1998; German version: Trautwein, 2004) , and depression (During the last week, I felt lonely) assessed with 15 items from the General Depression Scale (Hautzinger & Bailer, 1993) . All scales used a 4-point response scale ranging from 1 (applies not at all/seldom) to 4 (applies completely/mostly). Internal consistency was good with tXS ranging from .81 to .85 for self-esteem, .85 to .88 for life satisfaction, and .88 to .'90 for depression.
Covariates. The SDQ also assessed the self-concept of relationships with the opposite sex ("I am shy in dealing with individuals of the opposite sex") as well as the self-concept of appearance ("I am good-looking") with 4 items each using a 4-point response scale ranging from 1 (applies not at all) to 4 (applies completely). Across all three assessments used in this study, internal consistency was good with tXS ranging from .83 to .87 for the self-concept of relationships with the opposite sex and from .81 to .83 for the self-concept of appearance. At the first assessment of this study, participants reported some demographic information such as age and gender as well as their height and weight for body mass index computations. 
Statistical Analyses
The basic idea of PSM is to mimic a randomized design by modeling the assignment process of the individuals to the different conditions or groups. We conducted five PSM analyses, one for each of the comparisons of interest. To avoid repetition, we will provide a detailed description of the procedure only for the first comparison of singles versus beginners, but the other comparisons followed the same procedure. PSM analyses are conducted in three m ajor steps, that is, first, logistic regression analysis estimated PSs regarding the treatment (i.e., entering into a partnership) including all ess~n tial covariates (i.e., co variates identified as having the potenttal to affect the likelihood of the first partnership experience) and the initial pretreatment scores on the variables used to measure the treatment outcome (e.g., life satisfaction; cf. also Table 1 ).
3
Second, on the basis of estimated individual PSs, we applied a full-matching procedure (Stuart & Green, 2008) . Full matching (as we applied it in our study) uses all individuals by composing matched subsets where each matched subset contains one individual from the treatment group (i.e., who had a first partnership experience) and one or mul~iple individu~s from the control group (e.g., who remained smgle across ttme), or vice versa, one control unit is matched with one or more individuals from the treatment group (Ho, Imai, King, & Stuart, 2011) . Importantly, each individual is included only into one matched set Weighting is then used to address possible differences in the number of assigned individua ls into subgroups. Weights represent the ratio of individuals from the control and treatment groups. All treatment units receive a weight of 1. Weights of control units depend on the number of similar treatment units, that is, the number of individuals in the matched subset. Thus, if a subset contains only one treated and one control individual, the weight for the control is also 1. If one treatment unit is in a matched set with three control units, each control unit receives a weight of 1/3 (the treated individual has a weight of 1 since they always have a weight of 1 ). In contrast, if a matched set consists of two treatment units and one control unit this control unit receives a weight of2 ( cf. Figure 2a for an illu;tration). Figure 2b illustrates the weights for the treatment and control units, where each point reflects one participant's weight (larger points m irror more weight) in the fully ma~ched data. A substantial overlap ofPSs between the two groups tllustrates a good precondition for further analyses. The covariate balance, indicating the degree to which imbalance in the o bserved covariates has b een reduced (Stuart & Green, 2008) , is another important way to measure the effectiveness of the matching procedure. T able 1 illustrates mean levels and standardized differences in a ll variables of interest before and after the matching; a substantial reduction in bias resulted from the procedure. Similarly, standardized ds of all other variables were largely reduced to below .10 (cf. also Figure 3 ).
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Third, weighted regressio n analyses with the matched d~ set (using the final weights from ful l matching, as shown m Figure 2 ) were applied to estimate the effect ?f having a ~rst partnership experience on personality. To adJust for posstble remaining biases in the covariates for the matched groups, m~ tiple regression analyses additionally controlled f~r al! vanabies included in the matching procedure (Ho, lmat, King, & Stuart, 2007) . All analyses were conducted using R version 2.13. 1 and the respective packages Matchit (Ho et a!., 2011) and Zelig (Imai, King, & Lau, 2013) .
Results
We tested the average treatment effect on the treated in the five comparisons consisting of ( 1) singles versus beginners at T2, (2) bloomers versus beginners at T2, (3) singles versus late bloomers at T2, (4) singles versus late bloomers at T3, and (5) sing les versus beginners at T3. Results are summarized in Table 2 .
Comparison I: Singles Versus Beginners at T2
Using the matched samples that contro lled for observed baseline differences, we conducted a series of regression analyses predicting personality and adjustment variables from (a) the treatment variable (beginner = 1) and (b) all covariates. The additional inclusion of the covariates controlled for any potential bias in covariates that remained after full matching. The left side o f Table 2 illust rates that in line with our hypotheses, beginners showed higher life satisfaction than singles at the second assessment However, further hypothesized effects were not supporte d. Despite having had a first stable relationship experience, beginners were similar to singles at the second assessm ent in all Big Five traits, self-est eem , and depression. Results, regarding self-esteem, pointed in the hypothesized direction and came close to achieving a small effect. To facilitate the interpretation of the life satisfaction effect, Cohen's d was computed using the standard deviation of the reference group of sing les at T 1. The matched beginners showed a small to medium average increase in life satisfaction (d = 0.35) . Importantly, such an increase in life satisfaction was established after matching and contro lling for the essential covariates in the regression ana lyses. A sensitivity analysis 5 (Foster, 2010; VanderWeele & Arah, 2011) was conducted to assess the robustness of this effect in the presence of possible unobserved confounders. W e found that with a mo deratesized effect on life satisfaction, a difference of more than 1 SD (0.35/0.3 = 1.17) in the possible unobserved confounder w ould need to exist between the treatment and the control groups to eliminate the previously established effect. However, we would like to point out that only one unobserved confound er is considered in the sensitivity analysis and one could imagine the existence of two or m ore variables that are related to the partner ship experience and also affect the outcome. In this case, smaller differences would be sufficient to eliminate the treatment effect. Together, the first analyses yielded only a partial replication of previous results.
Comparison 2: Late Bloomers Versus Beginners at T2
This set of regression analyses supported the previous findings. Despite the fact that beginners experience their first partnership, substantial effects wer e found only with respect to life satisfaction (d = 0.35) and. in this case al so with respect to Note. Est. = Estimate; SE = standard error. All models covaried t he outcome of t he previous measurement occasion and all covariat es that were used in t he matching procedure. Bold numbers are significant at p < .OS. "The effect size d represents the difference in means divided by t he standard deviat ion for singles (reference group).
self-esteem (d = 0.27). This largely supports the findings of comparison I .
Comparison 3: Singles Versus Late Bloomers at Tl
For this comparison, no differences in personality development were expected because of the lack of treatment in both groups (control comparison) . Results show that this hypothesis is only partially supported. Unexpectedly, two substantial differences in extraversion (d = 0.20) and depression (d = -0.46) occurred between the two groups, both of which were still single at T2. Those who wer e more extraverted and less depressed at T2 appeared to be m ore likely to have a stable partnership by T3, that is, to be denoted as late bloomer. This finding is particularly surprising because it occurred even after matching the participants on these covariates and additionally adjusting for any potential remaining differences in the regression analyses. This may make readers wonder if there is a possible m isspecification in our model because the two groups should be similar at this point in their developmental path. We will address this point further in the discussion .
Comparison 4: Singles Versus Late Bloomers at T3
Predicting outcome variables at T3, these analyses were based on PS calculated with covariates and outcome variables at T2. The results indicated a substantial small-to medium-sized positive effect of the first partnership experience on life satisfact ion (d = 0. 35) . Additionally, this comparison between singles and late bloomers with their fir st partnership experience between the ages of 23 and 25 provided evidence for the expected increases in self-esteem, extraversion, and conscientiousness and a decrease in neuroticism. With these r esults, we were able to support previous findings with regard to first partnership effects not only on the adjustment measure of life satisfaction but also as indicated by personality maturation with regard to more stable characteristics. Using the standard deviation of the reference group to estimate effect sizes for the treatment effect, the first partner ship experience had a substantial 
Comparison 5: Singles Versus Beginners at T3
This last comparison again used T2 data for matching and thus should illustrate lasting effects between beginners and stable singles. 6 Results indicate no such long-term differences. Only one small effect indicated higher conscientiousness for beginners in contrast to stable singles (d = 0.23).
Discussion
The aim of this study was to test the effects of a person' s first partnership experience on personality development. Applying PSM techniques to a three-wave longitudinal data set, we found effects of the first partnership experience on life satisfaction, and, in some conditions, on self-esteem, neuroticism, extraversion, and conscientiousness. Despite the inconsistency in our results across the five comparisons, we would still propose that the first stable partnership experience is somehow linked to developmental maturation. In sum, our results only partially replicated the findings of previous studies but extended the findings to psychological adjustment measures and supported the causal interpretation of effect s based on the use of PSM techniques.
Young adulthood is gener ally related to the development of a more mature personality (McAdams & Olson, 2010) that is often ascribed to (successfully) experiencing new social roles (R oberts et al., 2005) . As a major milestone, the first partnership experience should be viewed as an entrance into a new developmental cycle that later results in the formation of one's Downk>aded from spp_sagepub.com at OIPF on November4, 2016 own family. By applying the specific longitudinal design of our study, which followed initially single young adults, we were able to only partially support the effect of the first partnership experience on psychological adj ustment and on personality development. Result patterns support the tendency of romantic partnerships to have a positive effect on one's view of oneself and one's life (Murray, Bellavia, Feeney, Holmes, & Rose, 200 I) . Unexpectedly, the findings on personality wer e not established in the group of beginners who had their first partnership experience between the ages of 21 and 23 but only in late bloomers who established their first partnership between the ages of 23 and 25. One possible explanation for these differences in results could be the age-graded investment in social roles. It might be that dating experiences in the late teens and early 20s are less likely to reach the commitment level of marriage and parenthood, whereas by the mid-20s, expectations and investigations into romantic partnerships change. Another possibility is that being a " late bloomer" might carry a different psychological meaning. Thus, experiencing a first partnership by one's m id-20s could have stronger effects on one's personality. Providing a sound test of such effects of timing would r equire mor e t ime points, a practice that should be implemented in further studies. Additionally, the calculation of standard errors for statistical inference has t o be regarded a critical issue in the PSM literature (Stuart, 20 10) . To take the uncertainty in the matching procedure into account, we applied bootstrapping to the entire process of matching and regression analysis (see Austin & Sm all, 2014) . Using 1,000 bootstrap samples, the effects for life satisfaction and self-esteem were confirmed. However, the confidence intervals for the effects on personality all included zero and indicated that these effects need to be interpreted very cautiously.
A key feature of our study design was the Control Comparison 3 between singles and late bloomers, when the late bloomers were still in the pretreatment phase. This very strong but seldom applied test provided some evidence for the presence of unobserved co variates that may drive the effect of the first partnership. Most personality traits, self-esteem, and life satisfaction were highly similar before any of the individuals experienced their first partnership . However, two substantial effects--extraversion and depression-disrupted this pattern. As a first possible explanation, these fmdings might indicate a selection effect before the actual experience (Ludtke, Roberts, Trautwein, & Nagy, 2011 ) . Young adults with higher extraversion and lower depression appear more like ly to enter into a romantic relationship. A second possible explanation could be that the matching variables that we applied did not effectively remove selection bias. Because the conclusions drawn from PSM depend heavily on the measurement of causally relevant covariates, a replication of our findings with a similar study that includes a larger sample and set of covariates is needed. Certainly, the results of this comparison limit the causal interpretability of the findings.
In sum, the findings of our study partially replicate and extend previous studies on personality maturation in the light of the first partnership experience. By doing so, they provide 7 evidence for the changeability of personality throughout early adulthood and emphasize the function of life transitions and social role investments for d evelopmental trajectories. At the same time, patterns were not consistent throughout comparisons. This possibly highlight s that further sources of personality development exist and should be investigated. Our results emphasize the applicability of PSM to longitudinal data sets, t hus, further research should apply similar methodological approaches to advance confidence in the causal links between social roles and persona lity development across the life span.
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N otes
1. In this study, treatment refers to the experience of a frrst stable partnership.
As expected, compared with Transformation of the Secondary School
System and Academic Careers (TOSCA) partic ipants who had a previous partnership, the participants without the experience were However, the two groups were similar in openness (d = 0.01) and agreeableness (d = 0.01). 3. This means that regarding comparisons 1-3, the matching procedure used covariates and outcomes from T1; whereas, for comparisons 4--5, we used covariates and outcomes from T2. 4. Information with respect to four other types of matching procedures on comparison 1 and a more thorough explanation of the full-matching procedure can be found in the Online Supplementary Material. 5. Further information on sensitivity analyses can be found in the Online Supplementary Material. 6. UsingT 1 variables to match singles and beginners to test personality effects at T3, the results remained the same with only conscientiousness showing a substantial effect.
